The susceptibility of ejaculated stallion spermatozoa to lipid peroxidation (LPO) was studied in ejaculates (n=4) from each of three stallions before and after a single layer centrifugation (SLC) through Androcoll™-E. Each ejaculate was split, and aliquots extended with one of three different commercial extenders: INRA 96, KENNEY´s or Equipro extenders and stored for 24 hours at 5ºC (i).
INTRODUCTION
Artificial insemination (AI) using extended, cooled semen is becoming common in equine breeding worldwide since most stud books have removed restrictions to the use of this reproductive technology. There is, however, large variation in pregnancy rates.
Some of this variability can be attributed to differences in the ability of the ejaculate from different stallions to survive handling, such as cooling, storage or transport (Squires et al, 1998) . Research results have suggested that the decrease in quality of equine spermatozoa after storage of extended ejaculates at +5ºC or after freezing and thawing may be due to oxidative damage from an enhanced generation of reactive oxygen species (ROS) by cooling (Kankofer et al, 2005; Ball BA, 2008; Ortega-Ferrusola et al, 2008) . In spermatozoa, as in other cells, ROS are metabolites produced mainly by mitochondria, in aerobic conditions ). Low ROS-levels are necessary to maintain normal cell function (Agarwal et al, 2003) . Aitken et al (1994) demonstrated that low levels of ROS enhanced the ability of human spermatozoa to bind to the zonae pellucida, as well as stimulating sperm capacitation, hyperactivation, acrosome reaction and oocyte fusion. However, when there is an excess in the generation of ROS, due to a Fenton (H 2 O 2 ) and a Haber-Weiss (O 2- ) reactions, sperm quality and function worsen, possibly compromising fertility. In a report in humans, around 25-40% of infertile men had high ROS-levels in semen (Padron et al, 1997) . Both equine and human spermatozoa are seemingly very vulnerable to oxidative insults due to the high content of polyunsaturated fatty acids in their plasmalemma (Macías- García et al, 2010 ) and the low concentration of scavenging enzymes in the sperm cytoplasm (Aitken and Fisher, 1994; Alvarez and Storey 1992 ; Almeida and Ball, 2005) . When there is an increase of ROS production and the antioxidant system (intra-or extra-cytoplasmatic) is unable to neutralize them, intrinsic pathways similar to apoptosis are triggered. As already mentioned, the seminal plasma (SP) appears to be the major modulator of the effects of ROS. In human semen, SP-proteins could avert deleterious ROS effects during short-term sperm storage at 5ºC (Rossi et al, 2001) . Studies with stallion spermatozoa are somewhat contradictory, probably owing to the routine of removing or decreasing the amount of SP maintained in contact with the processed spermatozoa. A study by Moore et al (2005) concluded that the production of ROS not only increases with cooling, but also causes LPO and produces sperm damage, when semen has been cooled or undergone freezing in the absence of SP. Kareskoski et al, 2010) . Therefore, further studies are needed, to determine which roles SP and/or extenders could play in preventing the induction of LPO in stallion semen.
Handling of stallion semen has recently included the use of sperm selection from sub-standard ejaculates, in order to reach acceptable pregnancy rates after AI. Among the methods available, the use of
through a species-specific colloid has been proven as particularly suitable in laboratory studies. The SLC-selected spermatozoa do not show deterioration in sperm viability or chromatin integrity with storage, unlike their unselected counterparts ). Since SLC allows normal, viable spermatozoa to be separated from dead and dying ones in the ejaculate, it should remove them from these potential sources of ROS. However, as SLC also separates the selected spermatozoa from the SP, thereby removing them from its potential modulating effects, it would either facilitate damage by ROS or prevent SPinduced damage, depending on which studies are being considered.
This study aimed, therefore, to test the degree of susceptibility shown by ejaculated, extended stallion spermatozoa to LPO, after a single layer centrifugation (SLC) in Androcoll-E. Moreover, we attempted to determine eventual protective effects of three different commercial extenders, supplemented or not with a high proportion of homologous seminal plasma (SP)(50% v/v).
MATERIAL AND METHODS

SEMEN COLLECTION AND PROCESSING
Four ejaculates per stallion were obtained from three stallions. 
SINGLE-LAYER COLLOID CENTRIFUGATION (SLC)
The colloid for SLC consisted of glycidoxypropyl-trimethoxysilanecoated silica particles, in a species-specific, buffered salt solution 
EVALUATION OF LPO
The degree of LPO was measured using the fluorescent probe 
STATISTICAL ANALYSIS
The data were first examined using the Kolmogorov-Smirnov test to determine their distribution. In view of the non-Gaussian distribution of most of the data gathered, multivariate analysis of variance was performed, and, when significant differences were found, the nonparametric Mann-Whitney U-test was used to directly compare pairs of values. All analyses were performed using SPSS ver.15.0 for Windows (SPSS Inc., Chicago IL).Significance was set at P≤0. 05.
RESULTS
MOTILITY OF SLC-SELECTED SPERMATOZOA
SLC-selected spermatozoa showed higher progressive and total motility, especially in stallions which presented poor sperm motility i.e. stalion 1 ( Table 1 and 2). Significant differences were found among stallions (p<0.001). However, there were no differences (ns) between either the different concentrations of 
LIPID PEROXIDATION AND SLC
The basal levels of LPO of the sperm membrane were low in all control samples before and after centrifugation through Androcoll-E (Table 3 ). The SLC-selected spermatozoa (SLC, table 4) showed a tendency for a lower susceptibility to suffer LPO, independently of the extender used, although these results were not significant. -For stallion 1, there were significant differences observed between centrifugation in SLC and within SLC treatment a,b<0.001 -c : For stallion 2, there were no significant differences observed between SLC treatment and time (0 and 60 minute incubation).
For stallion 3, there were no significant differences observed between SLC treatment and time. (Figure 1) . Apparently, the percentage of LPO of sperm membrane was not directly related with impaired equine sperm motility ( Figure 2 ).
DISCUSSION
There is documented stallion-to-stallion variation regarding fertility when using extended, cooled semen for AI. Overall, storage of semen at 5ºC is associated with a decrease in motility and fertility rate over time that may be due to oxidative stress ( In the latter report, we observed that the equine sperm membrane is very resistant to LPO even after freezing and thawing. We suggested that the LPO appears to be overestimated as a major factor involved in cryodamage of stallion spermatozoa. In the present study, there was basically no effect, either before or after SLC-centrifugation, indicating that SLC in equine-specific Androcoll-E™ does not cause LPO of the plasma membrane of stallion spermatozoa.
The high levels of lipid peroxidation after stimulation with different concentration of ferrous sulphate were not associated with a significant impairment of sperm motility, in contrast to other research (Jones et al, 1979; Alvarez and Storey 1989; Aitken et al, 1993) .
SLC-selected spermatozoa improved progressive and total motility in the stallion 1, which presented poor sperm motility (Table 1) In relation to the effect of extenders, Kankofer et al (2005) ,
suggested that the addition of extender to semen increases the antioxidative activity of stallion SP and that this combination could improve its protective action against ROS. We did not find significant differences among extenders in relation to any protective effect against LPO, nor any interaction between seminal plasma and extenders. These findings with these commercial extender are opposite to a previous study (Rigby et al 2001) using other extenders, where interactions between them (Kenney and KMT) and SP were observed.
CONCLUSION:
The levels of LPO are quite low in equine spermatozoa during semen storage. Removal of SP by the SLC does not significantly increase the susceptibility of stallion spermatozoa to induced LPO.
Further studies are needed to unravel the mechanisms by which SP and/or extender prevent the induction of LPO in equine semen.
